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2 Desert Farming in the Southern 
‘Araba Valley, Israel, 2nd Century BCE  
to 11th Century CE 
 
Uzi Avner

Introduction

Climate changes during the late 20th and the early 
21st centuries have caused the expansion of the 
world’s deserts, while global population is also 
increasing. Sparsely populated deserts may soon 
have to sustain larger populations. Consequently, 
there is growing interest in desert ecology and 
history (  Ezcura 2007). Cultural remains are 
well preserved in the desert environment, thereby 
providing a unique opportunity to study some 
aspects of the human past better than in other 
regions. While in large parts of Europe, for example, 
the study of early farming is mainly based on micro-
botanical remains, in the desert, actual remains of 
cultivated fields, agricultural installations and other 
evidence allow reconstruction of the development 
process of farming from its very beginning. 
Never theless, intensive modern development has 
already affected the desert ecosystem and many 
archaeological sites are being lost for research. So, 
before undertaking large-scale development in the 
desert, it is essential to understand and appreciate 
its ecological, esthetic and historical values. 

The southern Negev and the ‘Araba Valley are hyper-
arid, with an annual average precipitation of less 
than 20 mm, in contrast to the annual potential 
evaporation rate of 4000 mm. As a result, vegetation 
is totally restricted to the flooded wadi-beds, the 
area’s carrying capacity for animals and humans 

is low, perennial water sources are rare and small, 
and arable land is very limited. The rainfall pattern 
is also important. Rain is highly unpredictable and 
fluctuation of precipitation from year to year or 
between clusters of years is great, from 0 to 60 mm. 
Winter rains are light, with a minimal influence 
on the environment, but autumn and spring rains, 
if they fall, are usually concentrated in both time 
and space. On the one hand, these rains create 
floods in the ad s which support vegetation and 
wildlife. On the other, different areas may receive 
rain in different years. Autumn floods are essential 
for desert agriculture and herding; spring floods 
extend the existence of seasonal water sources and 
pasture, but they may also damage crops (cereals). 
The recent change in rainfall regime is not only in 
quantities but more so in the lack of floods.1

Today, some 3  of the population in western 
countries produces enough food for all the others, 
as well as for export. In the past, however, the vast 
majority of most world populations was occupied 
by the basic activities of food production, while 
shipment or trade of food was rare. People had 
to forage or grow their own food wherever they 
lived. In these respects, desert conditions obviously 
discouraged settlement. Nevertheless, archaeological 
remains and written historical sources demonstrate 
that people always lived in the desert and produced 
their own food, despite the environmental conditions 
(Avner 2006; 2008). Studies in ‘Uvda Valley, in the 



UZI AVNER20

Mediterranean

Sea

ISRAEL

EGYPT

JORDAN

SYRIA

Red
Sea

Dead

Sea

Sinaï

Negev H
ig

hlands

‘Uvda

valley

LIBAN

")

")

")

")

"

"

"

!

!

Amman
Tel Aviv

Fatsa’el

‘Ein Yahav

Aqaba
Eilat 2

1

E

0 50 100
Km

southern Negev bring to light a large agricultural 
settlement system, beginning a  6000 BCE (Avner 
1998; Avner t al  2003).

This paper will focus on farming and irrigation 
systems in later periods, Nabatean to Early Islamic 
(2nd century BCE to 11th century CE) in two sites 
in the southern ‘Araba Valley, otvata and ‘Avrona 
(see Map, Fig. 2.1).

The Yotvata Oasis

otvata (after the biblical name Num 33:33; Deut. 
10:7 , Roman- d ana  and ost a s a, Arabic- n 

ad an) is an important oasis, 37 km north of the 
gulf of ‘Aqaba. Palm groves and water holes which 
sometimes surfaced, were described by several 
explorers (Frank 1934, 231–241, 263; Glueck 1935, 

40; Hull 1885, 82–83; Kitchener 1881, 209–210; Musil 
1907 II, 183–185, 253–256) indicating a high aquifer. 
Archaeological sites presently known in the oasis 
cover a sequence of the last 8000 years, including 
Late Neolithic-Chalcolithic habitations and copper 
industry (5th–4th millennia BCE, Rothenberg t al  
2004), Early Bronze habitation and burial sites (4th 
and 3rd millennia BCE., Meshel 1990, 1992), as well 
as three fortresses, of the Late Bronze-Iron Age 
(13th to 7th centuries BCE), Late Roman/Byzantine 
(late 3rd and 4th centuries CE). and Early Islamic 
(7th to 11th centuries CE, Meshel 1986; 1990; 1992; 
Avner t al  2004; Davis and Magness 2006; 2007; 
2008), various Nabatean remains, including those of 
a possible important temple2 and additional Early 
Islamic remains. The oasis also served as a major 
crossroads and a road station (Roll and Avner 2008).

Remains of large irrigation systems were recorded 
at otvata by several researchers (Evenari t al  1959, 
229–231; 1971, 173–178; Frank, d; Glueck, d; 
Musil, d; Meshel 1990, 33–4; 1993, 1517; Porath 
1985, 131–138; 1987, 109–111), including an t 
systems, large wells or open pools, water channels 
and vast cultivated fields. an t (the Arabic term 
for the Central Asian a  or the North African 
o a a) are underground water tunnels dug into 

the alluvium or conglomerate, several km long 
with a minimal gradient of ca. 0.2 . On the surface, 
they appear as rows of circular mounds, usually ca. 
10 m apart (Fig. 2.2). A depression in the centre of 
each mound denotes the location of a vertical shaft 
which reaches the tunnel, presently filled with 
silt and stones. During the tunnel construction, 
the shafts allowed ventilation for the workers and 
elevation of the dug-out material; later they served 
for maintenance of the system. The tunnel’s deeper 
end penetrates the aquifer horizontally, while water 
surfaced at the other end by gravitation.

The main an t line in otvata is 4.5 km long, 
running from north to south, paralleled by another 
tunnel on the east (currently not preserved), 
while several tributary tunnels joined from the 
west (Fig. 2.3). Based on the surface gradient, the 
northernmost shafts are at least 10 m deep. Several 
short tunnels were built at the foot of the hills, west 
of the oasis, and an additional system further south 
in Nahal Argaman runs west-east a  2 km long. The 
total length of the otvata an t is 10–15 km, the 
longest in Israel, but is still short when compared 
to those in Iran, up to 57 km (see  Lambton 1992  

Fig. 2.1 Map of the Negev (southern Israel) indicating the location 
of 1) Yotvata and 2) ‘Avrona. Map: R. Lugon, J. C. Loubier and A. 
Chevalier.
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Wulff 1968). One shaft south of Kibbutz otvata 
was re-excavated by Evenari t al  (1971, 175), who 
reached the water table and the tunnel at a depth 
of 6 m. In this section the shaft was found lined by 
stones, but collapsed.

Open channels distributed the water from the 
tunnel’s outlet to the cultivated fields. Today the 
channels are highlighted by vegetation lines of 
bunchgrass ( s osta ya nnata), a Sudanean, 
non-indigenous plant, introduced to the area 
through cultivation. The channels are visible on 
the ground but they are even clearer in an aerial 
photograph (Fig. 2.4). Probes excavated into 
these lines by Porath (1985, 134) revealed simple, 
unplastered channels, dug into the original surface 
a  50 cm wide and 50 cm deep. They were found 

filled with dark silt rich in organic material which 
contained many freshwater snails.3 It was also 
discovered that in some sections the channels were 
cut through a hard gypsum level naturally created 
below the surface.

Associated with the an t lines are large depressions 
surrounded by silt ramparts. Eleven were observed 

by Frank (1934, Plan 26, and here see Fig. 2.3) along 
a north-south strip 3 km long, mostly located at 
the foot of the western hills of the ‘Araba. They are 
several metres deep, 10–30 m wide at their bottom, 
and up to 40 m wide on the rampart surrounding 
them (Fig. 5). These depressions were interpreted 

Fig. 2.2. Yotvata, an aerial photo of the main line of the qanāt.

Fig. 2.3. Map of the water systems of Yotvata as surveyed by 
Evenari et al. (1971, Fig. 105b) with the addition of open pools 
documented by Frank (1934, Plan 26).
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Fig. 2.4. Yotvata, an aerial photo of vegetation lines indicating ancient water channels (intersected by a modern road).

Fig. 2.5. Yotvata, an open 
pool with a channel leading 
to the cultivated fields.
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as ‘mother wells’, the first and highest shaft of the 
system, connecting to the tunnel where it penetrates 
the aquifer (Evenari t al  1971, 174; Meshel 1990, 34; 
Porath 1985, 132–3, 138; 1987, 110–111; Rothenberg 
1967, 293). The explanation proffered for cases 
where ‘mother wells’ are located within the an t 
line was that the tunnels were extended at a later 
stage (Meshel, d; Porath 1987, 110).

Indeed, the ‘mother wells’ at otvata should be 
seen as part of a vast irrigation system, different 
and earlier than the an t, based on the following 
arguments:

1. The size of these ‘mother wells’, up to 30 × 
30 m at the bottom, raises a question. If their 
role was to reach the aquifer and the tunnel, 
what interest could the builders have had in 
digging out such a large volume of silt, rock, 
hard gypsum and conglomerate, instead of the 
regular narrow shafts connecting to the tunnel?

2. No large ‘mother well’ exists in the northern 
end of the main an t lines, nor in the intact 
system of Nahal Argaman. In both, the highest 
circular heap is identical to all others in the 
line. Also, no large ‘mother wells’ were ever 
observed in the an t systems of Fatzael (in 
the Jordan Valley), ‘Ein ahav and ‘Avrona (see 
below). These examples emphasise that digging 

large holes at the higher end of the an t was 
unnecessary.

3. Channels are observed running from the well-
preserved ‘mother wells’ to the cultivated fields. 
In System C2 (as numbered by Porath, here 
Fig. 2.5), Porath excavated a probe in which 
he thought it was possible to distinguish the 
tunnel’s section, but he also reported finding 
many freshwater snails. These were also found 
in all probes excavated into the open channels, 
and in very large numbers in the excavation 
of the reservoir at ‘Avrona (Fig. 2.16, and see 
below). Conversely, no snails were found in 
the circular heaps surrounding an t shafts at 
both otvata and ‘Avrona, nor in the excavation 
of an t tunnels of the latter (see below). The 
reason is that the snails need sunlight in order 
to live and reproduce (see Note 3). Therefore, 
the snails from the probe of the C2 channel 
actually indicate that it was an open channel 
projecting out of the ‘mother well’, not a tunnel. 
In fact, the map of the otvata water systems 
produced by Porath (1985, Fig. 59) clearly shows 
channels running from the so-called ‘mother 
wells’ (Nos. 2, 5, 6) to the fields.

4. The largest ‘mother well’, north of Kibbutz 
otvata, is actually intersected by two an t 

lines (Fig. 2.6), and two low circular heaps 
(surrounding filled shafts) are even seen inside 

Fig. 2.6. Yotvata, an aerial 
photo of a large open pool 
intersected by two lines of 
qanāt.
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the pool’s depression. This occurrence clearly 
demonstrates two different systems, of which 
the an t is obviously the later, ignoring the 
‘mother well’. A similar situation is found in 
System C3 where the an t silt heaps overrun 
the rampart of a ‘mother well’.

If the depressions are not ‘mother wells’, they 
require another interpretation. Since freshwater 
snails are found in all of them, and channels 
connect them to the cultivated fields, they clearly 
served as water reservoirs. Moreover, they actually 
penetrated the high aquifer, and therefore also 
served as large, open wells. Since the aquifer was 
several metres below the surface (lying on a clay 
layer) and the surrounding ramparts were higher 
(Figs. 2.5, 2.6), the water must have been elevated 
by some means and poured into the channels. One 
can imagine a wooden arm (s ad  in Arabic, Fig. 
2.20) used for this purpose.

A small number of Late Bronze-Iron Age pottery 
sherds collected around some of the pools may 
indicate their use during this period (13th–7th 
centuries BCE) when the oasis was guarded by a 

fortress. Theoretically, they could already have 
been in use during the Late Neolithic, Chalcolithic 
and Early Bronze Age (5th–3rd millennia BCE) when 
the oasis was populated as well. Nevertheless, most 
pottery sherds collected around the pools were 
Nabatean, Late Roman and Byzantine, which seem 
to be the periods of their most intensive use. It 
should be added that during the Roman Period 
open pools also supplied the water for a bath-house 
built next to the fortress (Davies and Magness 2007; 
2008).

Two dates were initially suggested for the an t 
systems in the ‘Araba Valley, the Persian Period 
(6th–4th centuries BCE, Evenari t al  1971, 178) 
and the Late Roman-Byzantine period (4th–6th 
centuries CE, Rothenberg 1971, 218). However, the 
excavations by Porath at ‘Ein ahav (northern ‘Araba 
Valley), and excavation by Porath and Avner at 
‘Avrona (see below) clearly demonstrated that these 
sites were established during the Umayyad Period 
(661–749 CE) and continued in use until the second 
half of the 11th century (see below). This date is 
securely based on pottery, coins, inscriptions and 
14C dates (Avner and Magness 1998; Porath 1987). 

Fig. 2.7. Yotvata, an aerial photo of 
the ancient cultivated fields taken 
in 1956 by Evenari (1959, Pl. 3).
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The observed chronological order between the pool 
system and the an t also support this date.4

It is difficult to estimate the amount of water 
produced by the various systems at otvata; it is also 
difficult to estimate the size of the cultivated fields 
of the earlier periods. However, when the an t 
were built, the water supply certainly increased 
and the cultivated area expanded. An aerial photo 
of the fields, taken by Evenari in 1956, shows a 
‘checkerboard’ pattern of existing vegetation 
(Fig. 2.7), indicating systematic ancient irrigation 
depressions. Similar to the water channels, they 
were dug through the hard gypsum level to allow 
the plants’ roots to grow deeper. Based on this and 
on the spatial distribution of bunchgrass, Evenari t 
al  (1971, 176) calculated the cultivated area as 400 
hectares, but assumed that only half was cultivated 
at a time.5 Porath (1985, 137), on the other hand, 
suggested only 75–90 hectares were irrigated in the 
past, but the case of the ‘Avrona Farm (see below) 
seems to support the higher estimation.

The ‘Avrona Farm

The site is situated in the southern ‘Araba Valley, 25 
km south of otvata and 12 km north of the Gulf of 
‘Aqaba. It was first detected by E. Alumi in 1954 from 
the air, followed by a survey by Evenari t al. (1959) 
and Rothenberg (1967, 286). Several short seasons 
of excavations have been conducted on the site by 
Porath and Avner since 1973.

Fig. 2.8. ‘Ein ‘Avrona in 1971 (today dry due to modern over-
utilisation of the aquifer).

Fig. 2.9. ‘Avrona Farm, a general plan of the qanāt and the farm’s 
elements.
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Fig. 2.10. ‘Avrona, a re-excavated section of the water tunnel. Fig. 2.11. ‘Avrona, a section in the roofed stone-built water 
channel, with plastered bottom.

Fig. 2.12. ‘Avrona: 1. The eastern roofed channel turns towards the western one; 2. The covered trench where the western roofed channel 
was built; 3. Trench for the unused eastern roofed channel; 4, Ramparts created from digging both trenches; 5. Modern salt pans.
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The farm’s water source was a high aquifer, indicated 
by the ‘Avrona Well, 3 km to the north (Fig. 2.8). No 
cultivation or settlement occurred in the site prior 
to the construction of the an t and the farm, in 
the 7th century CE. The total length of the an t 
remains unknown due to insufficient preservation 
of visible surface remains. The main line consists 
of two parallel tunnels, sparsely visible on the 
surface for 600 m (Fig. 2.9), but an unfinished GPR 
survey (Ground Penetrating Radar, by U. Basson and 
Avner) added 500 m, without reaching the system’s 
northern end. Another branch, 400 m long, joins the 
western tunnel from the northwest. A section of 
the eastern tunnel, 18 m long, was re-excavated by 
Porath and Avner between two shafts (Fig. 2.10). It 
was dug into the stony soil and conglomerate of the 
‘Araba Valley, 5 m below the surface in this section, 
unlined but well preserved. Today, this section is 
open to visitors.

The southern part of the system, which is closer to 
the surface, consists of a roofed channel, built of 
stones into an open trench, and then covered (Fig. Fig. 2.13. ‘Avrona, an unroofed section of the channel and a valve, 

filled with rainwater.

Fig. 2.14. ‘Avrona: 1. Water channel; 2. Base of fence surrounding the cultivated field; 3. Reservoir; 4. Surplus channel; 5. Water outlet; 
6. Main irrigation channel; 7. Flood-protecting rampart; 8. Cultivated field; 9. Modern salt pans.
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2.11). Its lower part was lined by hydraulic plaster, 
while an attached sedimentation of travertine 
indicated the original water level, 40 cm from the 
bottom. At some point (see map in Fig. 2.9), the 
roofed channel which follows the eastern an t 
tunnel turns and joins the western one, while a large 
trench prepared for it remained unused (Fig. 2.12). 
Since the eastern route is somewhat lower than the 
western one, it is possible that during construction 
a change on the surface occurred, caused by an 
earthquake, preventing the use of the prepared 
open ditch. Today the channel’s bottom in this 
section is 60 cm lower than that of the reservoir, 200 
m to the south, as a result of the tectonic movement. 
Further support for the above scenario was obtained 
from a geological-seismological study in and around 
the site ( ilberman t al  2005).

Further south and a  40 m north of the reservoir, 
a stone valve was found n s t  in an open section 
of the channel, placed there to regulate the water 
flow (Fig. 2.13). When a full supply of water was 
required for irrigation, the valve was removed. 
When a moderate amount of water was required, 
the valve was inserted but the hole left open. When 
a minimal amount of water was needed, the hole 
was closed and only water above the valve (35 cm 
high) spilled over. If a series of valves were set into 
the channel at some intervals, large amounts of 
water would be kept within the system, mainly in 
wintertime, and exploitation of the aquifer would 
thus be minimised.

Fig. 2.15. ‘Avrona, stone 
lining of the reservoir ’s 
sloping sides.

Fig. 2.16. ‘Avrona, Melanopsis fresh-water snails from the reservoir 
excavation.

As the channel continues south, it crosses a wall 
surrounding the cultivated field and reaches the 
reservoir built at the northwestern corner of the 
field (Fig. 2.14). No roofing was preserved in this last 
section, ca. 30 m long. The reservoir (Fig. 2.14) is 17.5 
 13.5 m and 0.8 m deep, with a capacity of only 170 

m3 of water. Three sides of it were sloped and lined 
by cobbles imbedded in clay (Fig. 2.15) while the 
southern side was built as a vertical stone wall, lined 
by hydraulic plaster (poorly preserved). During 
excavation of the reservoir, thousands of snails were 
found, predominately lano s s and lano d s, 
(Fig. 2.16 and see note 3), indicating fresh water. 
The reservoir and the entire irrigation system were 
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Fig. 2.17. ‘Avrona, stone 
slab with a valve in the 
reservoir, leading to the 
main irrigation channel.

Fig. 2.18. ‘Avrona, an aerial photo of the cultivated field from the west; 1. Water channel. 2. Surrounding fence; 3. Reservoir (here 
unexcavated); 4. Main irrigation channel; 5. Flood-protecting rampart; 6. remains of crisscrossing irrigation channels; 7. Main building 
(partially excavated).
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built to function by gravitation only. It was most 
probably filled at night, to minimise evaporation, 
and emptied for irrigation during the day. Water 
was drained through a 12-cm circular valve cut 
in a stone slab incorporated in the southern wall 
(Fig. 2.17) in the main channel running southward 
along the western edge of the cultivated field. This 
channel was archaeologically excavated for only 2 
m, but its line is visible in Fig. 2.14 (No. 6) and Fig. 
2.18. An additional channel (Figs. 14, 18) was built 
for surplus water and for other purposes.

The cultivated field was well prepared, cleared of 
rocks and carefully leveled, with a low gradient 
toward the east and south, so that irrigation was 

Fig. 2.19. ‘Avrona, the eastern fence surrounding the cultivated 
field, exposed in a probe.

possible from the reservoir by gravitation. Remains 
of narrow irrigation channels crisscrossing the 
field are visible in an aerial photograph (Fig. 2.18). 
On the field’s western edge a rampart was built 
to protect it from floods. However, following the 
abandonment of the farm in the 11th century 
CE, floods eventually cut through the rampart 
and the field. Only 2.2 hectares of the field are 
preserved today, which is only a small part of the 
original cultivated field. Additional remains of the 
rampart, 60 m long, are found 1.2 km to the south, 
but its original southern boundary is unknown. 
Therefore, these remains indicate that the original 
field actually covered at least 35 hectares. Based on 
the length of the western rampart, it is probable 
that several additional reservoirs were built along 
the main water channel, running parallel to the 
rampart, although no remains were discovered. The 
entire field was surrounded by a fence consisting of 
a stone base up to 60 cm high (Figs. 2.14, 2.18, 2.19) 
with a flat top, indicating support for a mud-brick 
superstructure (see below).

Remains of crops found in the excavation included 
many date pits, as well as olive and peach pits, 
almond shells, carob seeds, wheat and barley. Pollen 
analysis attempts were unsuccessful and therefore, 
the current list of crops is surely incomplete. Based 
on the botanical finds, circular depressions observed 
in the aerial photo, and comparison with present, 

Fig. 2.20. Northern Sinai, traditional 
‘double story cultivation’. Notice 
the farmer using a wooden arm 
(Arabic shaduf ) for drawing water 
from a well.
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traditional desert agriculture, one can imagine 
‘two-storey cultivation’ (Fig. 2.20). A plantation 
of date and other fruit trees may have covered 
most of the area, while additional crops, such as 
vegetables and legumes were grown underneath and 
between the trees. Land and water were therefore 
simultaneously utilised for both, and in addition, 
the trees protected the lower crops from the intense 
sun radiation.

Three buildings were preserved in the farm. The 
main one, adjacent to the reservoir, originally 
consisted of only two rooms, but with at least 
seven later additions, it was gradually extended 
to 26.5 × 29.5 m. Most walls were mud-brick 
superstructure on a stone base, while both walls 
and floors were plastered white (Fig. 2.21); one 
wall was found tumbled due to an earthquake. 
The farmhouse most probably served the overseer 
family and the professional staff, while the majority 
of workers lived in tents. In an early stage of the 
building’s extension, one of the two original rooms 
was converted into a mosque, with a shallow, 
rectangular recess ( a ), a rarely preserved 
type representing an early phase of Islam, before 
the time of al  al-Walid, 705–715 CE (Schick 
1995, 142). During the excavation, which remains 

unfinished, several notable finds were discovered, 
including seven Umayyad coins and a few ost a a. 
The most complete ost a on (Fig. 2.22) contains a 
list of names and sums of money in d a s (silver 
coins),  a list of salaries or debts, representing a 
bureaucratic order in the farm.

Fig. 2.21. ‘Avrona, part of the main building during excavation.

Fig. 2.22. ‘Avrona, an ostracon bearing a list of salaries or debts 
(Porath 1987, 112).
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Qanāt versus Open Pools

Study of the remains at otvata and ‘Avrona 
demonstrates several advantages of the an t over 
the open pools system:

1. Water in the open pools was exposed to 
the intense sun radiation and the dry air, 
causing loss of water through evaporation. 
Evaporation increased the water salinity, which 
also increased the salinity of the cultivated soil. 
In the an t, however, water was exposed only 
in small reservoirs mainly at night, and in the 
cultivated fields when irrigated. In addition, 
water in the an t remained uncontaminated 
by droppings and algae.

2. As found in ‘Avrona, considerable amounts of 
water could be retained inside the an t s tunnel 
during times when less water was needed for 
irrigation (mainly winter). This implies more 
efficient water management and a better 
controlled exploitation of the aquifer.

3. Construction of the an t system obviously 
required a significant investment of resources, 
expertise and labor. However, once the system 
was established, no manpower was needed for the 
daily elevation of water; all water management 
was based on gravitation, controlled by one 
person who opened and closed the water valves. 
Maintenance, however, was necessary from time 
to time in both systems.

4. In otvata, the an t allowed expansion of 
the cultivated area, up to 400 hectares. In 
‘Avrona, the an t allowed the development 
of farming on barren desert soil for the first 
time. an t were similarly developed in other 
arid and hyper-arid zones during the Umayyad 
Period and thereby enabled great expansion of 
cultivation and crop production throughout the 
empire, from China to Spain (see  papers in 
Beaumont t al  1989).

Summary

The sites of otvata and ‘Avrona reflect intensive 
and sustainable farming in the heart of a hyper-
arid zone. The earlier, open pool system at otvata 
represents a local and traditional watering 
method, but when it was first established remains 
unknown. However, the fact that the oasis had been 
settled since the Neolithic Period implies that the 

population produced here at least part of their 
food, and most probably employed some irrigation. 
The oasis’ importance is better highlighted in later 
periods by the Late Bronze-Iron Age fortress, the 
large Nabatean temple, the Roman fortress and 
bath-house, and by the fact that the oasis served as 
a ‘road head’ during the Roman period, from where 
mileage was calculated (Roll and Avner 2008). The 
oasis’ agricultural products supported the local 
and surrounding population, the military units, 
trade caravans, the workers of the nearby copper 
mines and the residents of Nabatean, Roman and 
Byzantine Aila, the port city on the Gulf of ‘Aqaba 
(Parker 2002; 2003). The importance of the oasis is 
also demonstrated during the Early Islamic period 
by a fortress and other remains, and by the vast 
irrigation-cultivation system.

The ‘Avrona Farm provides an example of novel 
development based on imported technology. As 
mentioned above, the distribution of the an t 
throughout the Umayyad Empire enabled farming 
even in hyper-arid zones, and previously uncultivable 
locations. Another development accompanying this 
innovation was the spread of tens of new crops, 
mainly from the Far East, including spinach, eggplant, 
banana, coconut, mango and several citrus species, 
while sorghum and sugar cane were imported from 
Africa. Other crops, such as watermelon, rice and 
cotton, previously grown only in limited areas, now 
became commonplace (Amar 1996; Watson 1983). 
The products of otvata and the ‘Avrona farms 
supported the residents of the Early Islamic Aila 
(Whitcomb 1988; 1994), the population of villages on 
the western side of the ‘Araba Valley, the workers of 
the large-scale copper mines and smelting camps, 
the workers of the gold industry and caravans of 
both merchants and pilgrims (Avner and Magness 
1998, with references). The excavations of Aila (by 
both Parker and Whitcomb) demonstrated that the 
city grew larger from the Byzantine period to the 
Early Islamic, and during the latter, it kept growing 
from the Umayyad period to the Abbasid and to the 
Fatimid (from the 7th through the 11th centuries 
CE). This population growth necessarily implies that 
farming in the vicinity was sustainable and that 
it expanded, as can also be seen from the gradual 
expansion of the main building in the ‘Avrona Farm.

The end of large-scale cultivation in the southern 
‘Araba could not be dated independently, but the 
finds and series of 14C dates from the excavated 
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sites indicate that the Early Islamic settlement 
system ceased during the 11th century CE (Avner 
and Magness 1998). In 981 and 1024 CE, the city of 
Aila was partially destroyed during the revolts of 
Bedouin tribes against the Fatimid regime of the 
Near East. Aila’s hinterland,  the southern ‘Araba, 
most probably suffered as well. In 1068 and 1072, 
major earthquakes destroyed Aila (Gil 1983 I, 296–
328, 686; Whitcomb 1988, 6), bringing an end to the 
surrounding settlement system and thus concluding 
a period of at least two millennia of farming in the 
southern ‘Araba. Later, only small-scale cultivation 
was continued by Bedouins. A new and different 
chapter began in the mid-20th century with the 
settlement of the Kibbutzim and the development 
of ‘high-tech’ agricultural activities.

Since the world’s deserts are expanding, and the 
world’s population is growing, the question arises of 
whether modern agriculture has anything to learn 
or adopt from ancient practices. In the ‘Araba, the 
answer lies mainly in two categories. First is the 
exploitation of underground water. Today the ‘Araba 
aquifers are exploited through a series of pumps 
along the middle of the Valley (near the Israel-
Jordan border). The water is saline but desalinated 
through a costly process. In contrast, both ancient 

systems, the open pools and the an t, utilised the 
underground water on the very western edge of 
the valley, before seeping through layers of salt and 
gypsum, as is the case in the valley’s center. The 
second is the concept of ‘double-story cultivation’. 
If appropriate agro-technology developed, land and 
water could have been used with a higher efficiency. 
This method is certainly applicable to any arid 
place on earth where traditional agriculture is still 
practiced.

Research into ancient agriculture has suffered and 
is still suffering from great obstacles. Nevertheless, 
the old remains still have much to tell us. They must 
be protected and preserved for further research and 
education and for the sake of future generations.
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Notes

1  During 1960–1990 period, the annual average rainfall 
in the Eilat region was 32 mm (I thank the Israel 
Meteorological Service for supplying me with the 
detailed climatic data for these years), but during the 
last 20 years, it has dropped to half of that (Shlomi 
and Ginat, 2009). The change in rain regime is not only 
in quantities but more so in the lack of floods, and 
therefore the effect on vegetation and wildlife has 
been severe. For example, acacia trees and bushes in 
the ad s were parched, and flocks of ibexes, gazelles 
and hyraxes got significantly smaller. In January 2010, 
floods occurred all over the Negev and large parts 
of the Sinai, breaking a 16-year drought for a short 
time. Vegetation in the ad s greatly recovered, but 
not the wildlife. Models for long-term climate predict 
continuous reductions in annual precipitation during 
the 21st century (Black t al  2010).

2 In the a la t n ana, a medieval copy of the 
Roman Empire map, a temple building is indicated 
at the site of d ana , near Haila ( Aila-Eilat, today 
in ‘Aqaba). This was the only place between the Nile 
and northern Syria selected by the map’s editors to be 
marked by a temple, and therefore, it must have been 
famous and important. Limited excavation in a large 
public building next to the otvata spring, by J. Porath 
(unpublished), uncovered ample Nabatean pottery, 
and therefore, the building is a natural candidate for 
the map’s temple, dedicated to the Nabatean goddess 
Al-Uzza, the equivalent of the Roman Diana. 

3 Four species of freshwater snails were identified 
by Henk Mienis of the Hebrew University, in 
both otvata and ‘Avrona: lano s s no d a 
(Olivier 1801), lano d s t lata (M ller 1774), 

l o a salsa  ont ta (Dautzenberg 1894), 
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s da n ola sol ta a (Tchernov 1971). They all need 
fresh running water, with a high oxygen content as 
well as sunlight in order to live and reproduce. In 
only one site in Israel, a spring-cave near the Sea 
of Galilee, lano s s no d a is found in poor 
sunlight. I thank Mienis for the identification of the 
snails and for the information on their biology.

4 Several scholars interpreted Assyrian texts, 8th 
century BCE, as referring to an t, but these were 
later disproved (see  Mousavi 2005, 88 with 
references). Excavation in four an t-based farms in 
Israel indicated that they were all first constructed 
much later, during the Umayyad Period (Porath 
1987; Avner and Magness 1998). Now, however, it is 
becoming clear that an t did appear during the Iron 
Age in some areas. In southern Libya, the building 
of o a a systems began in the 4th century BCE 

and went out of use by the 6th century CE (Drake 
t al  2004; Mettingly 2000; 2006, 235–263; 2007, 11; 

Pelling 2008). At the Kharga Oasis, the western Desert 
of Egypt, an t systems were dated from the 5th 
century BC to the 3rd century CE (Wuttmann t al  
2000). In ‘Oman, an t systems ( ala ) most probably 
existed as early as the 9th century BCE (Magee 2007). 
Nevertheless, the major distribution of the an t as 
far as China in the east and Spain in the west, seems 
to have occurred in the 7th century CE due to the 
initiative of the Umayyad al s. They were spread 
from Iran, where many and larger an t systems are 
still in use today (  Beaumont t al. 1989; Honari t 
al. 2005).

5 400 hectares are equal to the area cultivated today 
by a kibbutz, equipped with modern machinery.
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